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FOREWORD 


Management of long Island's water resources involves unique problems 
found nowhere else in the State. Water needs and demands in this area 
of continuing rapid population and economic expansion r.lust be con- 
sidered not only from the viewpoint of its fresh water resources, but also 
in light of its precious marine environment. 


This publication presents the essentials which should be considered in 
planning for future water and related land use in this dynamic area of 
the State. It is based on an extensive technical report, "An Atlas of long 
Island's Water Resources," published in 1968. This briefer summary em- 
phasizes possible approaches to management of the Island's fresh water 
resou rces. 


We hope that this publication will be used to interest citizens and public 
officials in arriving at the decisions necessary to meet our water needs 
and maintain environmental quality. 


I
 -f 
 "
JL 


Henry l. Diamond, Commissioner 
Department of Environmental Conservation 


August, 1970 
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INTRODUCTIO
N 


In recent years, more and more people have become con- 
cerned about long Island's supply of fresh water, and this in- 
creasing interest has resulted in a number of reports and 
articles about water on long Island. One report was pre- 
pared recently by the writers of this booklet under the title, 
"An Atlas of long Island's Water Resources," published as 
Bulletin 62, New York Department of Conservation, Albany, 
N. Y. Its main purpose was to summarize and explain many 
of the results of a continuing long-term program of studies 
of the water resources of long Island that are being made 
by the u.s. Geological Survey in partnership with local, 
county, and New York State agencies. 
This booklet summarizes the major highlights of the Atlas, 
and emphasizes some of the different approaches that might 
be taken in managing the water resources of long Island. In 
the interest of brevity original reference material is not listed 
nor cited here. Also, certain estimated values are given here 
without arguments to support or qualify their accuracy. If a 
reader of this booklet is interested in finding out how accu- 
rate these values are and how they were obtained, he should 
refer to the Atlas and the original source material listed 
there. 
Background information about the water situation on long 
Island is given in the first three sections of this booklet. 
Water-management possibilities are considered in the fourth 
section, and several conclusions and recommendations are 


given in the last section. The contents are arranged in such 
a way that the reader who is already familiar with the de- 
tails of the water situation on long Island, such as the pro- 
fessional water manager, hydrologist, or engineer, can refer 
to the last two sections of the booklet without necessarily 
reading the first three sections. 
Water managers generally agree that the water supply 
for most of long Island will continue to be derived from 
the local fresh-water resources for at least the remainder 
of this century. In keeping with that general opinion, pos- 
sible methods of bringing in "new" fresh-water supplies, 
such as pipelines from the mainland or desalination of sea 
water, are not emphasized here or in the Atlas, even though 
such "new" waters might someday be an important addition 
to long Island's natural fresh water. 
One final point should be made in this introduction: A 
thorough understanding of the water resources of long 
Island involves many scientific specialties; therefore, the 
use of technical terms in this booklet cannot be completely 
avoided. We have tried to use as few as possible and only 
where necessary. Some of the technical terms are explained 
as they are used in the main body of the report, and a 
glossary containing definitions or explanations of many of 
the technical terms is given at the end of the booklet. A 
term that is explained in the glossary is printed in italics 
the first time it is used in the text. 
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THE LAND AND THE PEOPLE 
OF LONG ISLAND 
Description of the land 


Many factors affect the water situa- 
tion on long Island, but one of the most 
important factors is simply that long 
Island is completely surrounded by the 
salty waters of the Atlantic Ocean, long 
Island Sound, New York Bay, and the 
East River estuar/ (pI. 1). Although 
long Island is connected to the main- 
land and to nearby Manhattan and Stat- 
en Islands by several transportation 
bridges. and tunnels, the only fresh-wa- 
ter link to the mainland is through an 
aqueduct from The Bronx. 
The political boundaries of long 
Island encompass the main island, which 
is about 120 miles long and has a maxi- 
mum width of a little more than 20 miles, 
and several adjacent smaller islands. 
The total land area of long Island, in- 
cluding the smaller islands, is a little 
more than 1,400 square miles. 
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long Island is made up of four count- 
ies-Kings, Queens, Nassau, and Suffolk. 
Kings and Queens Counties are two of 
the five boroughs of New York City 
(Brooklyn and Queens, respectively). The 
Bronx, Manhattan, and Richmond (Stat- 
en Island), the other three boroughs of 
New York City, are not parts of long 
Island. 
Kings County has a land area of about 
78 square miles, and is the smallest of the 
four counties on long Island. The ap- 
proximate land areas of the other three 
counties are: Queens, 115 square miles; 
Nassau, 291 square miles; and Suffolk, 
922 square miles. 
In detail, several features of the land 
surface of long Island are related to 
events that happened many millions of 
years ago, but the major present-day 
features of long Island's landscape are 


, 


 
A 
J.'_
 
......... .... 


t, 


"......., 
/ 


a 
, 
.... 


f 
 
. 
t 


r " 


... 


../ 



.. ." 
y\. 



 


... 


..... 


4: 


mainly related to the last phase of the 
Great Ice Age, which ended about 10,000 
years ago. Great sheets of slowly mov- 
ing ice or glaciers, perhaps more than a 
mile thick, pushed down from the north 
and covered parts or all of long Island. 
At least twice, the fronts of the glaciers 
became stationary when they reached 
long Island. The two lines of eastward- 
trending hills, which form the north and 
south forks of Suffolk County and which 
merge into a single line of hills in 
Queens and Kings Counties (pI. 1), mark 
the positions of the glaciers during those 
periods when the glaciers were station- 
ary. The hills were formed largely by 
soil and rock materials which were car- 
ried by the glacial ice and then depos- 
ited as the ice melted. 


I Italicized words are defined in the Glossary 
at the end of the booklet. 



large streams carried meltwater from 
the glaciers southward to the ocean, and 
at that time the shore was many miles 
seaward of its present location. The 
streams deposited layer after layer of 
sand and gravel to form the fairly flat 
and smooth outwash plain that presently 
extends from the base of the hills to the 
south bays and seaward beneath the At- 
lantic Ocean. Most of long Island's 
streams now flow in the large, broad 
valleys that were formed by much larger 
ice-age rivers. Many of long Island's 
lakes also owe their existence to events 
of the ice age. For example, lake Ron- 
konkoma and lake Success fill depres- 
sions that were left in the land surface 
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where isolated blocks of glacial ice were 
covered by rock materials from the gla- 
ciers and later melted. 
As the glaciers melted, their fronts re- 
ceded to the north, and the area now 
forming long Island Sound was freed 
of ice. Northward flowing streams be- 
gan carving the deep valleys along the 
north shore of long Island. Sea level 
gradually rose as more and more water 
was released from the melting glaciers, 
and eventually the modern shoreline 
became established. The long Island 
Sound area was flooded with salty wa- 
ter, and erosion by wave action carved 
out the steep sea cliffs along the north 
shore. 
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Conditions were somewhat different 
along the south shore. The ocean waves 
reworked the material of the submerged 
part of the outwash plain to form the 
off-shore barrier beaches such as Fire 
Island and the other narrow islands 
along the south shore. The bodies of 
water that formed between the barrier 
beaches and the shoreline include Great 
South Bay and the other south bays of 
long Island. 


PLATE 1 
LOCATION AND GENERAL GEOGRAPHIC FEATURES 
OF LONG ISLAND, NEW YORK 
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THE LAND AND THE PEOPLE OF LONG ISLAND 
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Many water problems on Long 
Island are directly related to the large 
number of people who live on the 
island and the way they use the land 
and manage the water resources. 
As shown in plate 2, figure 1, the 
population of Long Island increased 
almost five-fold between 1900 and 
and 1965-from a little less than 1.5 
million to almost 7 million. Although 
this large increase partly reflected the 
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general nation-wide population growth, 
it also was related to the very marked 
expansion and development of the New 
York City metropolitan area during 
that period. 
During the first 20 years of the pres- 
ent century, the population increased 
more rapidly in Kings County than in 
any other part of Long Island. At the 
end of that time, much of Kings Coun- 
ty was characterized by high-rise 
apartment buildings and many indus- 
tries. Queens County was partly sub- 
urban and partly rural, and the rest 
of the island was mainly rural except 
for a few small towns and villages, 
mostly near the shorelines. In the 
1930's, the population increased most 
rapidly in Queens County, partly be- 
cause of the extension of the New York 
City rapid-transit system and partly 
because of the marked development 
of industry in the county. Nassau 
County was the fastest growing area 
on Long Island in the mid 1940's and 
1950's, because of the very dramatic 
increase in suburban development in 
the county following the end of World 
War II. The eastward expansion of 
suburban development and population 


use 


growth is still continuing, and is pres- 
ently focused on the western part of 
Suffolk County-now the fastest grow- 
ing area on the island. 
The population of Long Island by 
counties in 1965 was: Kings, 2.6 mil- 
lion; Queens, 1.9 million; Nassau, 1.4 
million; and Suffolk, 0.9 million. Thus, 
in 1965 about 66 percent of the people 
on Long Island lived in the two coun- 
ties that are in New York City-Kings 
and Queens. The population density, 
expressed in terms of number of peo- 
ple per square mile, is greatest in 
Kings County and decreases gener- 
ally eastward (pI. 2, fig. 2). 
The eastward decrease In popula- 
tion is also reflected by the character 
of land use on Long Island (pI. 2, 
fig. 3). For example, the percentage 
of land classified as "open" or "va- 
cant" increases progressively east- 
ward, whereas the percentage of land 
occupied by streets and parkways de- 
creases from west to east. The highly 
suburban character of Nassau County 
is indicated by the fact that, of the 
fpur Long Island counties, Nassau has 
the highest percentage of land classi- 
fied as residential. 



PLA TE 2 
POPULATION AND LAND USE 
ON LONG ISLAND, NEW YORK 
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DESCRIPTION OF 
THE NATURAL WATER SITUATION 
Where the water comes from 
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Many questions have been raised 
about where Long Island's vast supply 
of underground water came from and 
how it was replenished under natural 
conditions. Until recently, many peo- 
ple believed that underground rivers 
carried some or most of Long Island's 
fresh water from the mainland beneath 
Long Island Sound. Now it is recog- 
nized that, under natural conditions, 
precipitation falling directly on Long 
Island was the only source of Long 
Island's fresh water. 


The amount of precipitation falling 
on Long Island varies with time and 
place (pI. 3). Average yearly precipi- 
tation for the period water years 1951- 
65 (pI. 3, fig. 1) ranged from a low 
of about 40 inches along the coast in 
southern Nassau County and on Plum 
Island to a high of about 51 inches in 
northwest Suffolk County. The average 
for the entire island was about 44 
inches, which is equivalent to about 2.1 
mgd (million gallons per day) per 
square mile, or nearly 3,000 mgd when 
distributed over the entire island. 
Yearly precipitation at Setauket 
(pI. 3, fig. 2), which is fairly representa- 
tive of all of Long Island, ranged from 
a low of 30.8 inches in water year 
1966 to a high of 56.4 inches in water 
year 1898, and averaged 44.1 inches 
for the period water years 1887-1966. 
The most severe drought of record at 
that station was in the water years 


1962-66, when the total 5-year pre- 
cipitation was about 42 inches below 
average-equal to a loss of nearly 
one full year's normal precipitation. 
Differences In precipitation from 
month to month and season to season 
sometimes are large, but on the aver- 
age they are usually small. At Setauket, 
for example (pI. 3, fig. 3), average 
monthly precipitation was about 3.7 
inches, and ranged from a low of about 
2.5 inches (for June) to a high of about 
4.5 inches (for August)-a difference 
of only about 2 inches. 
Extreme seasonal or yearly variations 
in precipitation have little long-term 
effect on the underground sources of 
water on Long Island. The long-term 
average precipitation and the percent- 
age of precipitation that percolates 
underground are considerably more 
significant with regard to long-term 
water management on Long Island. 
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PRECIPITATION ON 
LONG ISLAND, NEW YORK 


/ 


40---r- 40 
______42 
42 


«
44 



 


, 


46 


46 


Figure 1, Distribution of average yearly 
precipitation for water years 1951- 65. 
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Figure 2, Yearly precipitation at Setauket 
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DESCRIPTION OF THE NATURAL WATER SITUATION 
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Long Island is underlain by a thick, 
wedge-shaped mass of rock materials 
consisting mainly of fine sand, silt, clay, 
and lesser amounts of coarse sand 
and gravel (pI. 4, fig. 1). These mate- 
rials, where they are saturated with 
water, collectively form the ground- 
water reservoir. The ground-water 
reservoir is underlain by dense, crys- 
talline bedrock that does not store or 
transmit appreciable quantities of wa- 
ter. The reservoir ranges in thickness 
from zero in northern Queens County, 
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water 


where the bedrock is exposed at land 
surface, to more than 2,000 feet in 
south-central Suffolk County. 
Four major zones, or aquifers, in the 
ground-water reservoir yield water 
readily to wells. The relative positions 
of the major aquifers, and their relation 
to major intervening clay beds, are 
shown in plate 4, figure 1. The major 
clay beds, as well as thinner clay beds 
within the aquifers, a re so-called con- 
fining layers which keep the water be- 
neath them under artesian conditions. 
Below the water table, the pore 
spaces or openings In the ground- 
water reservoir are completely satu- 
rated with slowly moving ground water. 
The deposits above the water table 
generally are unsaturated, but they 
also contain varying amounts of mois- 
ture, part of which is the soil moisture 
that supports most plant life. In gen- 
eral, the water table on Long Island 
has roughly the same shape as the land 
surface; its altitude is highest beneath 
the hills near the middle of the island 
and lowest near the shorelines (pI. 4, 
fig. 2). 
Under natural conditions, infiltration 
of precipitation into the ground and 


subsequent percolation downward to 
the water table was almost the entire 
source of fresh ground-water recharge. 
The estimated natural rate of recharge 
averaged about 1 mgd per square mile. 
The general path of ground-water 
movement, In cross-section, IS indi- 
cated by the blue arrows in plate 4, 
figure 1. In addition, the general map 
directions of ground-water movement 
in Nassau and Suffolk Counties can 
be deduced from figure 2 of plate 4, 
because the general direction of 
ground-water movement is at right 
angles to the water-level contours. As 
shown on plate 4, most of the ground- 
water movement is seaward. Much of 
the seaward-moving ground water 
discharges into streams and most of 
the remainder discharges by subsurface 
outflow to Long Island Sound, to the 
bordering bays, and to the Atlantic 
Ocean. 
Along the margins of the ground- 
water reservoir of Long Island, the 
fresh ground water is in contact with 
and mixes with salty ground water to 
form a zone of diffusion. The salty 
ground water, in turn, is connected 
with the bodies of salty surface water 
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DESCRIPTION OF THE NATURAL WATER SITUATION 
Streams 
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Long Island's streams were once 
used as sources of water supply and 
for power to operate sawmills and 
gristmills. At present, however, the 
streams are used almost entirely for 
recreation. 
Large amounts of fresh water are 
lost to the sea by way of the 19 prin- 
cipal streams on Long Island. Con- 
tinuous records of the flow of each of 
these streams are obtained at stream- 
flow-measuring stations operated by 
the u.s. Geological Survey in coopera- 
tion with county and state agencies. 
Locations of the streams and the 
measuring stations are shown in plate 
5, figure 1. The names of the streams, 
their surface-drainage areas, and their 
average measured flows are listed in 
the accompanying table. 


14 


One of the characteristic features of 
Long Island's streams is their fairly 
constant flows-remarkably constant 
in comparison to most streams else- 
where. The constant streamflow is 
largely related to the fact that about 
95 percent of the streamflow is derived 
from the ground-water reservoir, and 
only about 5 percent is direct runoff 
of precipitation. 
Fairly constant seasonal streamflow 
is shown by the information in plate 5, 
figure 2. For example, the largest 
monthly flows, which usually occur in 
April, are, on the average, only about 
1.5 times greater than the minimum 
monthly flows, which usually occur in 
September. In other parts of New 
York State, maximum monthly flows 
are often tens of times larger than 
minimum monthly flows. 
Year-to-year differences In the 
amount of streamflow on Long Island 
are related to many factors, the most 
important being the fluctuating altitude 
of the water table. The higher the alti- 
tude of the water table, the larger the 
quantity of ground-water seepage into 
the streams; conversely, the lower the 
water table, the less the seepage to 
streams. The yearly differences in 
streamflow shown in plate 5, figure 3, 
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Figure 2. Average monthly streamflow, water years 1951-65. 


therefore, were largely caused by fluc- 
tuations of the water table which, in 
turn, were mainly related to differences 
in yearly precipitation and recharge. 
In water years 1940-65, the com- 
bined average flows of the 19 princi- 
pal streams ranged from a low of 
about 200 cfs in 1965 to a high of 
about 400 cfs in 1956, and averaged 
about 300 cfs for the period (pI. 5, 
fig. 2). The low flows in 1963-65 
largely reflected record-low and near- 
record-low ground-water levels associ- 
ated with the severe drought during 
those years. 



PLATE 5 
STREAMFLOW OF 19 
PRINCIPAL STREAMS 
ON lONG ISLAND, NEW YORK 
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Figure 1, Streams and streamflow-measuring stations 


EXPLANATION 


Identification Surface 
number of drainage 
streamflow- area Average 
measuring (square flow 
station Name of stream miles) (cfs I ) 
1-3025 Glen Cove Creek 11 7,2 
-3030 Mill Neck Creek 12 9.5 
-3035 Cold Spring Brook 7 4,6 
-3040 Nissequogue River 27 42,2 
-3045 Peconic River 75 35.5 
-3050 Carmans River 71 24.2 
-3055 Swan River 9 13.0 
-3060 Patchogue River 14 21.2 
-3065 Connetquot River 24 39,4 
-3070 Champlin Creek 7 7,5 
-3075 Penataquit Creek 5 6.2 
-3080 Sampawams Creek 23 9.8 
-3085 Carl Is River 35 27.7 
-3090 Santapogue Creek 7 4.6 
-3095 Massapequa Creek 38 11.9 
-3100 Bellmore Creek 17 11.2 
-3105 East Meadow Brook 31 17,5 
-3110 Pines Brook Outlet 10 5.1 
1-3115 Valley Stream 4 4.8 
1 Cubic feet per second 


3035 
... 
Streamflow-measuring station, and identification number 
Names of streams are given in the 
accompanying table 
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Figure 3. Annual streamflow, water years 1940-65. 
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DESCRIPTION OF THE NATURAL WATER SITUATION 
Dissolved substances In the water 


Most of the fresh water on and 
beneath the surface of Long Island 
had a high degree of chemical purity 
under natural conditions. Even so, 
the fresh water was not entirely pure 
because all naturally occurring water 
contains at least small amounts of 
dissolved substances. These substances, 
which often are referred to as the 
"dissolved-solids content" of the water, 
commonly have been measured In 
units called "parts per million" (ppm), 
and more recently in "milligrams per 
liter" (mgjl). 
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The major natural sources of dis- 
solved substances in Long Island's 
fresh water, and the ways in which 
the amounts of these substances change 
are shown diagrammatically in plate 6. 
Small particles of salt, similar to com- 
mon table salt, but including other 
chemical substances, were derived 
from the sea and carried over the 
island by the wind (arrow 1, pI. 6). 
Some of the particles fell directly to 
the earth and some became part of 
the rain and snow that fell on Long 
Island (arrow 2). 
Some of the rain and snow evapo- 
rated while it was on the vegetation 
and land surface, and some was tran- 
spired by plants from the near-surface 
soil zone (arrow 3). Because the 
water vapor that was evaporated and 
transpired was much like distilled wa- 
ter-nearly free of chemical sub- 
stances-the dissolved-solids content 
of the remaining water was increased. 
As this water moved down into and 
through the soil zone and the under- 
lying unsaturated deposits (arrow 4), 
and then through the zone of satura- 
tion (arrow 5), its dissolved-solids con- 


tent continued to increase and to 
change slightly in character. How- 
ever, the increase was small because 
most of the materials through which 
the water passed were not readily 
soluble in water. 
The dissolved-solids content of the 
water that flowed into the streams 
increased only slightly in the upstream 
parts of the stream channels (arrow 6); 
however, as the water flowed into the 
lower estuarine parts of the streams 
and mixed with salty ocean water 
(arrow 7), the dissolved-solids content 
increased to thousands of milligrams 
per liter. Similarly, the dissolved-solids 
content of the ground water increased 
to thousands of milligrams per liter in 
the zone of diffusion (arrow 8). 
Because of its very small dissolved- 
solids content under natural condi- 
tions (from about 5 to 40 mgjl), the 
fresh ground water of Long Island 
was excellent for almost all uses. 
However, the activities of man have 
posed a serious threat to the quality 
of some of the water. That subject IS 
considered later in this booklet. 



Air moving over the ocean 
picks up salty spray 
2 Rain and snow pick up dust 
and gases from the atmos- 
phere 
3 Evaporation and transpiration 
of precipitation from the land 
surface and from the soil zone 
increase the dissolved-solids 
contentofthe remaining water 
4 Physical, chemical, and bio- 
logical processes modify the 
dissolved-solids content of the 
water percolating through un- 
saturated material above the 
water table 
5 Flow through the aquifer sys- 
tem of Long Island modifies 
the total dissolved-solids con- 
tent of the ground water only 
slightly 
6 Physical, chemical, and biol- 
ogical processes modify the 
dissolved-solids content of 
streamflow 
7 Fresh stream water and salty 
ocean water mix in estuarine 
reaches 
8 Fresh ground water and salty 
ground water mix in the zone 
of diffusion 


PLATE 6 
DISSOLVED SUBSTANCES IN LONG ISLAND'S 
WATER-SOURCES AND DOMINANT PROCESSES 
UNDER NATURAL CONDITIONS 
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DESCRIPTION OF THE NATURAL WATER SITUATION 
Quantity of 
fresh water 
on Long Island 


Those who are responsible for de- 
veloping and managing long Island's 
water resources commonly are inter- 
ested in three major questions about 
the quantity of long Island's fresh 
water: (1) How much fresh water is 
there on long Island at any given 
time, (2) what is the rate at which it 
enters and discharges from the island, 
and (3) how much is available for man 
to use? 
Answers are not yet available for 
the entire area of long Island, but esti- 
mates to answer the first two questions 
have been developed for a so-called 
water-budget area, which includes 
most of Nassau and Suffolk Counties 
(pI. 7). The answer to the third ques- 
tion depends largely on which of the 
alternative methods of development 
described later in this booklet are 
finally adopted. 
By far the largest amount of long 
Island's fresh water is in the ground- 
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water reservoir. The thickness of the 
deposits saturated with ground water 
is indicated in plate 7, figure 1. The 
total volume of material saturated with 
fresh water beneath the water-budget 
area is about 180 cubic miles. How- 
ever, not all the water in these depos- 
its could be recovered by means of 
wells partly because a sizable per- 
centage would be held in the rock 
materials against the pull of gravity. 
The estimated amount of ground water 
that theoretically would be obtained if 
all the saturated deposits beneath the 
water-budget area could be drained 
of fresh water is on the order of 10-20 
trillion (million-million) gallons. 
Fresh water also is stored temporar- 
ily in long Island's streams and lakes, 
and in the unsaturated deposits above 
the water table. However, the amount 
is small compared to the amount of 
fresh ground water. 


The huge volume of fresh ground 
water is the result of many centuries 
of accumulation. Under natural con- 
ditions, slightly less than half the pre- 
cipitation on long Island evaporated 
or was transpired from the land sur- 
face or from the soil zone. Most of 
the remainder percolated downward 
to the ground-water reservoir where 
it ultimately was discharged by (a) 
subsurface outflow to the sea, (b) seep- 
age to streams which flowed to the 
sea, (c) evapotranspiration, and (d) 
spring flow. 
long-term average estimates of the 
major elements of fresh-water inflow 
to and outflow from the water-budget 
area of long Island under natural 
conditions are shown on plate 7. As 
shown, average inflow and outflow 
were equal. The significance of this 
equality is considered in a later section 
on "Safe Yield." 
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PLATE 7 OF FRESH WATER 
QUANTITY ISL AND NEW YORK 
ON LONG , 


MGD=Miliion gallons per day 
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Outflow . 
2 EvapotransP,iratlon 
of precipitation 
3 Subsurface outflow 
of ground water , 
4 Streamflow discharging 
to salt water , 
5 Evapotranspiration 
of ground water 
Spring flow 
Subtotal (items 2-6 
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Man's activities have changed the 
amount and the quality of the fresh 
water on long Island. For example, 
in recent years 400-500 mgd of water 
has been imported into Kings and 
Queens Counties from upstate sources. 
However, the increased discharge to 
tidewater of sewage water from these 
counties has more than kept pace with 
the increased inflow, resulting in a net 
loss of fresh water from long Island. 
Ground-water pumpage, which aver- 
aged about 300-400 mgd during the 
past decade, also has caused the 
amount of fresh water on long Island 
to decrease. However, the net loss of 
ground water has been considerably 
less than the total pumpage because 
roughly 200 mgd returned to the 
ground-water reservoir through cess- 
pools and septic tanks, recharge wells, 
and leaky water pipes. 
The previously mentioned net loss of 
fresh ground water on long Island plus 
decreased ground-water recharge re- 
lated to the construction of impermea- 
ble surfaces, such as streets and parking 
lots, locally have caused ground-water 
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levels to decline, and these declines in 
turn have resulted in local salt-water 
intrusion. The first major case of salt- 
water intrusion on long Island was in 
Kings and parts of Queens Counties 
(pI. 8, figs. 1-3). In 1903, ground- 
water movement in these counties gen- 
erally was toward the bordering shore- 
lines. By 1936, ground-water recharge 
in Kings County had decreased sub- 
stantially and ground-water withdraw- 
als had increased to more than 75 mgd. 
As a result, the water table in most of 
Kings County had declined below sea 
level, causing salty water to invade 
large parts of the county's aquifers. 
This contamination resulted In the 
abandonment of many wells In the 
county, and led to the importation of 
water from upstate sources. The re- 
sulting decrease in pumpage, plus the 
enactment of regulations that required 
the construction of recharge wells to 
return the pumped water to the ground- 
water reservoir after its use for indus- 
trial and other commercial purposes, 
caused ground-water levels in Kings 
County to recover markedly in the early 


1940's. By 1965, when net pumpage 
had decreased to about 10 mgd, the 
water table in most of Kings County 
had recovered to a position above sea 
level (fig. 3). 
While pumpage was decreasing in 
Kings County, it was increasing In 
Queens and Nassau Counties. At the 
same time, natural recharge in both 
these counties also decreased. In addi- 
tion, extensive sewering in southwestern 
Nassau County (beginning in the early 
1950's) resulted in the discharge to tide- 
water of large quantities of sewage 
water-water that formerly recharged 
the ground-water reservoir through 
cesspools, septic tanks, and disposal 
basins. These factors resulted in fairly 
widespread salt-water intrusion In 
Queens County and local salt-water 
intrusion in Nassau County. 
In addition to salt-water intrusion, 
chemicals derived from industrial, do- 
mestic, and agricultural sources also 
pose a threat to the quality of long 
Island's ground water. For example, 
the discharge of more than 100 mgd 
of domestic waste water through 



roughly half a million cesspools and 
septic tanks in Nassau and Suffolk 
Counties has caused the chemical quality, 
particularly of the shallow ground wa- 
ter, to deteriorate markedly, and in 
some areas the shallow ground water 
now contains synthetic detergent con- 
stituents which cause the water to foam. 
A potentially more serious problem is 
related to the fact that some ground 
water locally contains nitrate In 
amounts that reportedly may cause 
health problems to infants, and the nI- 
trate contamination seems to be 
spreading fairly rapidly. 
Increased sewering and the abandon- 
ment of individually owned cesspools 


FIGURE L Ground-water levels in 1903. 


and septic tanks presently is under- 
way and undoubtedly will be a
celer- 
ated in Nassau and Suffolk Counties. 
Ultimately, these measures probably 
will result in the virtual elimination of 
domestic sewage as a source of nitrate 
and other contamination of the ground 
water. In addition, increased suburban 
development probably will result in 
decreased agricultural activities and 
related nitrate contamination. How- 
ever, it may take many years (prob- 
ably several decades or more) for ni- 
trate and other contaminants in the 
ground water to decrease to near nat- 
ural levels. Moreover, the increased use 
of lawn fertilizers accompanying future 


N 
! 


FIGURE 2. Ground-water levels in 1936. 


increased suburban development and 
the associated nitrate contamination 
may partly offset the effects of in- 
creased sewering and decreased agri- 
cultural activity. 


PLATE 8 
CHANGING GROUND-WATER LEVELS 
AND SALT-WATER CONTAMINATION 
ON LONG ISLAND, NEW YORK 


EXPLANATION 


JO 
WATER-LEVEL CONTOUR 
(Line of equal water level altitude) 
Contour interval 5 and 10 feet 
Datum is mean sea level 


1 0 2 3 4 MILES 
I I I I I I 


FIGURE 3. Ground-water levels in 1965. 


21 



'II 


'
"'.,' 



 '. ".. " -:.." ".
,:: 
;
,' 

.,
',.> . 
=> >'" 
. /"
............ 
"",..:' '.
.'.; 


1.\ 


"- 


... f 


, , 
,: ., 
,

 
- I h- 
,11 
:L(,-":"" 

 


..,
 


22 


WATR-MANAGEMENT AL TERNATIVES 
I t:yield" 
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What method or methods should 
be adopted to manage long Island's 
water resources? Why should one 
method be chosen as opposed to an- 
other? When should a particular 
water-management decision be put 
into effect and for how long? These 
are some of the questions facing those 
concerned with the management of 
long Island's water resources. Very 
often, proposed answers to these ques- 
tions are related to the concept of 
"safe yield" (sometimes called "natural 
yield", "perennial yield", or simply 
" . Id " ) 
Yle . 
A useful definition of this term and 
one that satisfies most hydrologists IS: 
The safe yield of a specific area or 
water-resources unit is the amount of 
water that can be withdrawn there- 
from without causing an undesired 
result. As defined, "safe yield" must, 
under many circumstances, be related 
to what is sometimes called the "water- 
budget principle" or the principle of 
hydrologic continuity (pI. 9, fig. 1). 
As applied to long Island, the water- 
budget principle indicates that the 
amount of fresh water that reaches 
long Island in a given period of time 
is equal to the amount that leaves the 
island, plus or minus a change in the 
amount of fresh water in storage. 


It follows from the definition of "safe 
yield" and from the preceding discus- 
sion of the water-budget principle that 
the yield of the fresh ground-water 
reservoir of long Island is not a fixed 
quantity. Rather, it is a variable quan- 
tity that depends upon many complexly 
interrelated factors, the foremost being 
a precise definition of the undesired 
results that are to be avoided (pI. 9, 
fig. 2). For example, if the manage- 
ment decision is made to avoid the 
eventual depletion of long Island's 
fresh ground-water resources, then a 
stage of development ultimately must 
be reached where total fresh-water 
inflow is equal to the total fresh-water 
outflow. Otherwise, the fresh ground 
water in storage will eventually be 
depleted. 
A single value for the "safe yield" 
of long Island's ground-water reser- 
voir cannot be determined even under 
the fairly simple conditions described 
in the preceding example, because the 
value will depend upon which of many 
possible alternative management deci- 
sions or combinations are adopted to 
achieve the specified objective. As one 
extreme, a management alternative 
might be chosen that would result in 
increased recharge (natural plus artifi- 
cial) and decreased natural discharge. 



PLATE 9 
"SAFE YIELD" 
AND THE WATER-BUDGET PRINCIPLE 


Natural 
inflow 


On the other hand, an alternative 
might be chosen that would result In 
decreased recharge and little or no 
change in natural discharge. Obvi- 
ously, the "safe yield" in the latter case 
would be smaller than in the former 
case and, if obtaining the largest pos- 
sible amount of water were the only 
consideration, a choice between the 
two would be simple. Strong justifica- 
tions, based on hydrologic, water- 
quality, economic, or other considera- 
tions, could be developed to support 
management steps that would result 
in either of these two situations. In 
fact, almost unlimited combinations of 
water-management steps are possible. 
Accordingly, the "safe yield", as de- 
fined above, can, and probably will 
range between wide limits as various 
management decisions are made and 
modified. 
Several major proposals for man- 
aging long Island's water resources 
have been adopted, and many others 
are presently being considered. Sev- 
eral of these proposals are described 
in the following pages either because 
they are presently receiving a great 
deal of attention or because they illus- 
trate and emphasize certain major 
principles. 


INFLOW=OUTFLOW::!:: CHANGE IN STORAGE 
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Figure 1. The water-budget principle, 


POSSIBLE MANAGEMENT ALTERNATIVES 


WATER- 
MANAGEMENT 
OBJECTIVES 


CHOICE OF A SPECIFIC WATER-MANAGEMENT 
ALTERNATIVE SIGNIFICANTLY AFFECTS THE 
YIELD OF THE SYSTEM, ALTERNATIVES B, D, 
AND E LEAD TO THE YIELDS B, D. AND E. 
ALTERNATIVES A, C, AND F MAY NOT BE 
FEASIBLE BECAUSE CERTAIN UNDESIRED 
RESULTS CANNOT BE AVOIDED, 
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Figure 2, Water-management alternatives affect the yield of a hydrologic system, 
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WATER-MANAGEMENT ALTERNATIVES 
Alternative choice of 
with present methods 
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One possible alternative course of 
action facing the water manager on 
long Island is to continue with basi- 
cally the same procedures that pres- 
ently are being followed (pI. 10). The 
major elements of the present methods 
of development are: (1) Withdrawal 
of more than 400 mgd of ground water 
from both the shallow and deep aqui- 
fers; (2) artificial recharge of contami- 
nated water through cesspools, septic 
tanks, and disposal basins and rela- 
tively uncontaminated water through 
diffusion wells; (3) artificial recharge 
of direct runoff, usually of very good 
chemical quality, through recharge 
basins; (4) discharge of roughly 600- 
700 mgd of both treated and untreated 
sewage water to the sea; and (5) the 
importation of about 400-500 mgd of 
surface water into Kings and Queens 
Counties from upstate sources. 
If the present methods of ground- 
water development and management 
are continued in Nassau and Suffolk 
Counties, ground-water levels will 
decline in areas of intensive pumping, 
and salty ground water will move 
landward. In addition, the chemical 
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quality of the ground water will con- 
tinue to deteriorate where domestic 
and industrial waste waters are dis- 
charged into the ground through cess- 
pools and disposal basins. 
Continuing with the present methods 
of development in Nassau and Suf- 
folk Counties, therefore, involves ac- 
ceptance of a set of conditions in which 
total fresh-water inflow is less than 
total fresh-water outflow, and the 
amount of fresh (potable) water in 
storage is decreasing. In other words, 
the "safe yield" is being exceeded to 
the extent that depletion of the amount 
of fresh water in storage is considered 
to be an undesired result. However, 
if the future increase in ground-water 
withdrawals is no more than is indi- 
cated by the present trends, and if the 
present plans are adopted for the in- 
creased use of sewer systems instead 
of cesspools for waste-water disposal, 
the useful life of the ground-water 
reservoir, for supplying adequate 
amounts of potable water, almost cer- 
tainly would be more than 50 years 
and might be as much as several hun- 
dred years. Moreover, by the proper 


continuing 
of development 


application of other water-manage- 
ment alternatives, the useful life of the 
ground-water reservoir could be ex- 
tended for even longer periods of time, 
perhaps indefinitely. 
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PLATE 10 
ALTERNATIVE METHOD OF MANAGING 
THE WATER RESOURCES OF LONG ISLAND, 
NEW YORK-CONTINUING WITH 
PRESENT METHODS OF DEVELOPMENT 
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WATER-MANAGEMENT ALTERNATIVES 
Alternative choice of developing 
barrier-injection wells 


" '\ 
, ., 

.' - ,',,\ 


L 


" ';! .,.
. 


;-. 
, ; ,. 
"
'
 
'
l 
" \ 

. /," 
..
 
;;'V. " -' 
< r. ;f 
'J;
\,t'i 


,-',
,

 


The Nassau County Department of 
Public Works plans to complete the 
construction of sewers throughout the 
entire county in the next 25 years or 
so. As a result, the use of cesspools 
and waste-disposal basins in the coun- 
ty, which introduce contaminants to 
the ground water, will be virtually 
eliminated. The county officials rec- 
ognize, however, that this course of 
action will result in a substantial de- 
crease in artificial recharge which, in 
turn, may accelerate salt-water intru- 
sion into the aquifers. 
To counter this threat, the county 
officials are considering a proposal to 
construct a line of so-called barrier- 
injection wells (pI. 11) across the en- 
tire width of Nassau County, parallel 
to and near the south shore. The first 
stage of the proposed plan would in- 
volve injecting 27 mgd of fresh water 
reclaimed from sewage into the Mag- 
othy aquifer through the network of 
injection wells. Eventually, a line of 
injection wells might also be con- 
structed in the middle of the island or 
along the north shore of the county. 


26 


A major objective of this plan is to 
reclaim and salvage some of the 
treated sewage water that otherwise 
would be discharged into the sea. As 
the reclaimed water is injected into 
the wells, the artesian pressure in the 
vicinity of each well will rise and an 
artesian-pressure ridge will form par- 
aUel to the shore. If a pressure ridge 
of sufficient size is created, it could 
prevent or at least minimiZe salt- 
water intrusion into the aquifer. 
Inasmuch as some of the injected 
water ultimately might be withdrawn 
from nearby water-supply wells, the 
plans being considered call for further 
treating the effluent from a sewage- 
treatment plant so that it meets or 
exceeds the commonly accepted drink- 
ing-water standards. Procedures to 
achieve these water-quality standards 
have been developed as part of a co- 
operative study by the Nassau County 
Department of Public Works, the U.S. 
Geological Survey, the Federal Water 
Pollution Control Administration, and 
a private consulting firm. In addi- 
tion, as part of this study, experiments 


are being conducted to obtain infor- 
mation about the physical and chemi- 
cal factors that affect the rate at 
which the reclaimed water can be in- 
jected into the aquifers, and the hy- 
draulic and geochemical effects of 
such injection. 
A line of pumping wells parallel to 
the shore also might be used to con- 
trol salt-water intrusion by applying 
a principle that is, in effect, opposite 
to the principle involved in barrier- 
injection wells. Instead of injecting 
water into the wells, water could be 
pumped from the line of wells to form 
a so-called pumping trough. Under 
the proper conditions, such wells would 
intercept the salty ground water that 
otherwise would move inland toward 
production wells. The water pumped- 
a mixture of water from the fresh and 
salty sides of the zone of diffusion- 
could be wasted to the bays or ocean. 
However, it also would be available 
for use-either directly for such pur- 
poses as cooling, for other purposes af- 
ter mixing with fresher water, or possi- 
bly as input to future desalination plants. 



The proposed barrier-injection wells, 
irrespective of their effectiveness In 
preventing salt-water intrusion, would 
result in increased artificial recharge; 
therefore, if all other factors remained 
unchanged, the "safe yield" could be 
increased by an amount as large as 
the amount injected. Creation of a 
pumping trough, on the other hand, 
would not Increase the amount of 
fresh-water recharge; it might, how- 
ever, postpone the time when produc- 
tion wells near the shore become con- 
taminated with salty water. 


PLATE 11 
ALTERNATIVE METHOD OF MANAGING 
THE WATER RESOURCES OF LONG ISLAND- 
DEVELOPING BARRIER-INJECTION WELLS 
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WATER-MANAGEMENT ALTERNATIVES 
Alternative choice of increasing 
artificial recharge through basins 
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Urban development on long Island 
undoubtedly will continue at a rapid 
rate during the next several decades, 
especially in Suffolk County. Unless 
counter measures are adopted, the 
construction of impervious areas as- 
sociated with this development, such 
as buildings, streets, and surfaced park- 
ing fields, will result in increased direct 
runoff and decreased natural ground- 
water recharge. Diversion of the in- 
creased direct runoff into recharge 
basins would help to induce artificial 
ground-water recharge and thereby 
compensate for the decreased natural 
recharge. 
Several agencies also are considering 
the increased disposal of treated sew- 
age water through shallow basins 
(pI. 12). For example, the Nassau 
County Department of Public Works 
is evaluating the possibility of injecting 
as much as 58 mgd of treated effluent, 
purified to meet the standards for 
drinking water, into a line of basins 
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approximately in the middle of the 
island and parallel to the line of pro- 
posed barrier-injection wells. Accord- 
ing to present plans, this project would 
be started after the construction of the 
barrier-injection wells, and would sup- 
plement those wells. 
In addition, a recently established 
regulation in Suffolk County requires 
that all new developments of 100 or 
more homes be equipped with sewage- 
treatment and disposal facilities. As 
a result, several housing developments 
in the county presently are disposing 
of treated sewage water through dis- 
posal (recharge) basins, and the 
amount of ground-water recharge re- 
sulting from such practices undoubtedly 
will increase in the future if the present 
regulations are continued In force. 
The effectiveness of artificial recharge 
through basins as a means of increas- 
ing the "safe yield" of the entire 
ground-water reservoir is greatly lim- 
ited in parts of long Island by differ- 
ences between the horizontal and ver- 
tical permeability of the rock materials. 


On the whole, the deposits of the 
ground-water reservoir are much more 
permeable to water moving in the hor- 
izontal direction than in the vertical 
direction. Therefore, if water pumped 
from the deeper aquifers IS used, 
treated, and then returned to the shal- 
low aquifers by means of recharge 
basins, a hydraulic imbalance may re- 
sult in parts of the deeper aquifers be- 
cause the recharge water cannot per- 
colate downward into these aquifers 
as fast as water is being withdrawn 
from wells. As a result of this local 
imbalance, salty ground water may 
invade the deeper aquifers laterally. 
In near-shore areas of the island, 
basins are ineffective in recharging the 
deeper aquifers for another reason. 
In those areas, the water in the deeper 
aquifers is generally moving upward. 
Therefore, the water from basins can- 
not move down to the deeper aquifers, 
but instead it tends to move laterally 
through the shallow deposits. 



PLATE 12 
ALTERNATIVE METHOD OF MANAGING 
THE WATER RESOURCES OF LONG ISLAND, 
NEW YORK-INCREASING ARTIFICIAL 
RECHARGE THROUGH BASINS 
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WATER-MANAGEMENT ALTERNATIVES 
Alternative choice of developing 
shallow skimming wells 
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As shown on plate 7, an average of 
about 340 mgd of streamflow dis- 
charges from the water-budget area 
into the sea in Nassau and Suffolk 
Counties. In their lower reaches, all 
of long Island's streams drain the 
ground-water reservoir, and as previ- 
ously noted, about 95 percent of the 
streamflow normally is derived from 
ground water. Most of the streamflow 
could be salvaged by a network of 
shallow "skimming wells" (pI. 13). 
(Such wells are called skimming wells 
because they skim water from or near 
the top of the ground-water reservoir.) 
The streamflow now discharging to 
the sea could be largely salvaged by 
skimming wells, either by intercepting 
the ground water before it discharges 
into the streams, or by inducing the 
stream water to percolate through the 
sides and bottoms of the stream chan- 
nels to the pumping wells. However, 
because the shallow ground water in 
parts of long Island has been con- 
taminated by waste water from cess- 
pools and other sources, the chemical 
quality of the water that would be 
salvaged is at some places less than 


30 


optimum. Such contaminated water 
would require some degree of treat- 
ment before it could be used for do- 
mestic or other purposes, and the 
economic feasibility of such treatment 
will be one of the major factors in 
determining whether or not the skim- 
ming-well proposal is adopted. 
Several other aspects of this proposal 
also will have to be considered. For 
one thing, the recreational and other 
aesthetic values of the streams would 
be diminished or destroyed. Further- 
more, the salinity of the south bays 
might be altered, and as a result the 
plant and animal life in and adjacent 
to the bays might be damaged. Thus, 
although skimming wells could possibly 
increase the "safe yield" of the system 
by as much as 340 mgd, long Island's 
water managers must weigh the value 
of this water against the undesired re- 
sults that would accompany enactment 
of the proposal. 
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PLATE 13 
ALTERNATIVE METHOD OF MANAGING 
THE WATER RESOURCES OF LONG ISLAND, 
NEW YORK-DEVELOPING SHALLOW 
SKIMMING WELLS 
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B WATER-MANAGEMENT ALTERNATIVES 
Alternative choice of allowing 
controlled salt-water intrusion 
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The present methods of water- 
resources development are causing 
salty ground water to invade long 
Island's aquifer system in southeast- 
ern Queens County, in southwestern 
Nassau County, and in other parts 
of the island. In addition, several of 
the possible future methods of devel- 
opment might inadvertently cause 
additional salt-water intrusion. Even 
if major and expensive changes in the 
present and future methods of devel- 
opment are adopted, a small amount 
of continued salt-water intrusion may 
be unavoidable. 
An alternative approach, which 
might have merit under some water- 
management plans, would be to allow 
widespread, but carefully controlled 
salt-water intrusion of the deeper aqui- 
fers (pI. 14). The landward extent of 
the salty ground water is related to, 
among other things, the amount of 
fresh ground water that discharges sea- 
ward as subsurface outflow. Roughly 
470 mgd of such outflow from the 
water-budget area is now involved in 
retaining the salt-water fronts in Nas- 
sau and Suffolk Counties at or near 
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their present positions (pI. 7). If some 
or most of this subsurface outflow were 
intercepted and withdrawn from a care- 
fully spaced network of wells, the "safe 
yield" of the system might be increased 
by as much as several hundred mgd. 
As a result, however, the fronts of salty 
ground water would move landward, 
causing a permanent decrease in the 
volume of the fresh ground-water res- 
ervoir, and eventually the fronts would 
reach new stable positions related to 
the decreased amount of fresh subsur- 
face outflow. 
The reduction in the size of the fresh 
ground-water reservoir could result in 
disadvantages as well as advantages. 
For example, as the fresh-water reser- 
voir diminished in size, fewer choices 
would be available among water- 
management alternatives. Further- 
more, the diminished ground-water res- 
ervoir would be less capable of sustain- 
ing large emergency withdrawals of 
fresh water in case of disaster or pro- 
tracted drought. 
This proposal eventually might re- 
quire the abandonment and replace- 
ment of many near-shore wells as they 


became contaminated with salty water. 
The economic loss must be weighed 
against the value of the subsurface out- 
flow that is salvaged. However, if the 
salt-water encroachment was carefully 
controlled, sufficient time would be 
available to plan and construct re- 
placement wells. 
The proposal to allow controlled 
salt-water intrusion (or for that mat- 
ter, any other proposal) could be 
adopted in conjunction with one or 
more of the other proposals. For ex- 
ample, the fresh water might be used 
once, treated, and discharged into the 
sea as shown on plate 14, or it might 
be reclaimed and returned to the 
ground through basins or wells. An 
especially large fresh-water yield for 
once-only use could result from a com- 
bination of the use of skimming wells 
and allowing controlled salt-water 
intrusion, because this combination 
would provide an opportunity to sal- 
vage much of the total fresh-water 
outflow presently discharging to the 
sea. 



PLATE 14 
ALTERNATIVE METHOD OF MANAGING 
THE WATER RESOURCES OF LONG ISLAND, 
NEW YORK-ALLOWING CONTROLLED 
SALT - WATER INTRUSION 
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Salt water of ocean, 
sound, and bay 


Unconsolidated rock materials 
containing salty water 


Unconsolidated rock matenals 
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General movement of fresh water 
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Seven million people living on an 
island surrounded by sea water; a 
vast supply of ground water of unusu- 
ally good natural quality; the only 
source of fresh water threatened with 
severe contamination by salty water 
and by unhealthful waste waters; a 
variety of alternative water-manage- 
ment proposals; an economic capa- 
bility for spending millions of dollars 
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to meet specific water-resources prob- 
lems; these are the major elements 
that have combined to present almost 
unlimited challenges and opportunities 
to the planners, developers, and man- 
agers of long Island's water resources, 
However, despite the fact that these 
challenges and opportunities exist, and 
that highly motivated public officials 
may feel obliged to begin specific ma- 
jor programs as soon as possible, the 
decisions that are made now and in 
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the near future will be of such far- 
reaching importance that they must 
be based on the best available infor- 
mation. All foreseeable water-man- 
agement alternatives and their prob- 
able consequences should be examined 
with extreme care-and in the context 
of the "safe yield" concept and the 
water-budget principle-before an 
irreversible course is set. 



Therefore, we recommend that the 
following three steps be emphasized 
in the beginning phases of future 
water-management planning and, if 
necessary, that the major water-man- 
agement decisions be postponed until 
these steps are taken: 
1. Water-management objectives, 
ranging from very general 
to very specific, should be 
clearly and precisely de- 
fined. 
2. Insofar as possible, all the 
alternative methods of 
achieving these objectives 
should be recognized. 
3. Each alternative should be rig- 
orously evaluated by teams 
of physical scientists, engi- 
neers, social scientists, and 
planners preferably working 
together within the frame- 
work of a single organiza- 
tional unit. 
None of these steps will be easy to 
accomplish. To begin with, many of 
the objectives of water-resources de- 
velopment and management on long 
Island commonly are defined only in 
the most general terms. For example, 
the matter of how long the ground- 
water reservoir should be developed 
and protected commonly is not clearly 
defined. Most water managers pres- 
ently assume that virtually all the 


public-supply water for Nassau and 
Suffolk Counties will be derived from 
the ground-water reservoir beneath 
these counties for at least the remain- 
der of this century. If this should be 
the case, what should be the overall 
water-management objective? Should 
it be to assure that the ground-water 
reservoir can supply water of the high- 
est possible quality, in amounts needed 
to meet the anticipated requirement as 
inexpensively as possible for the next 
30 years or so? Or should it be to 
manage the ground-water reservoir 
so as to forever yield a sustained 
amount of water of acceptable quality 
and at an acceptable cost? 
Alternative methods can be devel- 
oped to accomplish either of these 
objectives; however, the two objec- 
tives are mutually exclusive and, there- 
fore, require different methods of 
development. 
Many alternative methods of devel- 
opment are, to some extent, self- 
defeating. For example, the construc- 
tion of sewers to prevent pollution 


from cesspools and disposal basins 
could substantially decrease artificial 
recharge and, therefore, might accel- 
erate p
lIution by encroaching salt 
water. likewise, artificial recharge 
using reclaimed sewage water may 
help alleviate the problem of salt- 
water intrusion, but it also ultimately 
could cause an undesirable increase 
in the dissolved-solids content of the 
ground water unless certain relatively 
expensive demineralizing treatments 
were adopted. Moreover, if the de- 
mineralizing treatments were adopted, 
the demineralized water might be 
more economically put to direct use 
rather than being returned to the 
ground-water reservoir artificially. 
The preceding are, of course, only 
a few examples of some of the com- 
plex problems involved In defining 
water-management objectives and 
choosing from among the numerous 
alternative methods of achieving these 
objectives. Other alternatives, ranging 
from desalination of sea water (or of 
salty ground water from the zone of 
diffusion) using atomic energy, to a 
recent proposal for converting long 
Island Sound into a huge fresh-water 
reservoir, must be carefully considered. 
Even if they are not now economically 
or otherwise desirable, such proposals 
may become so in the not-too-distant 
future. 
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GLOSSARY OF SELECTED TERMS 


Terms shown in italic lettering in the previous sections of 
this booklet r 
 c1
' d as follows: 


Aquifer-A body of earth material that readily yields eco- 
nomically significant amounts of ground water to wells. 
Artesian conditions-Pressure conditions that exist where 
an aquifer is overlain by a confining layer, and the water 
contained in the aquifer will rise above the base of the 
confining layer in wells that penetrate the aquifer. 
Barrier beach-A long, narrow ridge of sand which extends 
roughly parallel to the coast, standing above sea level, 
and separated from the coast by a bay or lagoon. 
Confining layer-A layer of earth material, such as clay, 
through which water cannot readily flow. 
Diffusion well-A term commonly used on long Island as a 
synonym for "injection well" or "recharge well" -that is, 
a well through which water is injected into an aquifer. 
Direct runoff-Water that enters stream channels promptly 
after rainfall or snowmelt. 
Dissolved-solids content-The constituents dissolved in water. 
Estuary- That part of a stream influenced by sea tides. 
Evapotranspiration- The combined processes of evapora- 
tion from land, water, and other surfaces, and transpira- 
tion by plants. 
Ground water-Water beneath the land surface that is 
under atmospheric or greater pressure-the water that 
enters wells and issues from springs. 
Ground-water reservoir- The earth materials and the inter- 
vening open spaces that contain ground water. 


Outwash plain-A plain composed of earth material washed 
out from a glacier. 
Permeability-A measure of the ease with which water flows 
through earth materials. 
Recharge- The processes by which water is added to a 
ground-water reservoir. 
Salt-water intrusion (or encroachment) - Movement of 
salty ground water so that it replaces fresh ground water. 
Sea cliffs-Cliffs at or near the sea shore, formed largely 
by wave erosion. 
Soil zone-A layer of earth materials at and below land 
surface, which contains plant debris and which supports 
plant-root growth. 
Tidewater-Estuaries and near-shore bays and lagoons af- 
fected by sea tides. 
Water table-In most cases, the top of the zone of earth 
materials that is filled with g round water. 
Water year-The 12-month period beginning October 1 
and ending September 30, and designated by the calen- 
dar year in which it ends. 
Zone of diffusion-A zone of mixed water between fresh 
and salty ground water. 
Zone of saturation-The zone of earth materials filled with 
ground water. 
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